HYDROPATHICITY OF ALLOSTERIC MODULATORS OF THE
M RECEPTORS

G. Vistoli, A. Pedretti, AM. Villa, L. Villa, U. Holzgrabe*

§ Isfituto di Chimica Farmaceutica e Tossicologica - Milan University ([faly)
* Pharmazeutisches Insitut - Universitat Bonn (Germany)

INTRODUCTION THE ILM APPROACH SIMILARITY ANALYSIS OF THE HYDROPATHICITY

Muscarnic M acetylchdine receptors, bind allceteric modulators at asite apartfromthe orhostenc site used by conventional ligands,
such os the amfagonist N-methwk copolamine (MWVE). As a conseguence of the binding of the dlloster to the receptor, the inferaction
between the antagonist and the othosternc binding site is affered. Many of the compounds used to study the dllosteric modulotfion
belong to the group of neuromuscular blockers, such as acuronium, Tubocurding or gallamine and the akanes bsammonium
compound W84 (1), This finding gave the go-chead of the synthesis of dogens of new compounds, which were defived from Wi,
Armong others, dervatives of hexamethoniumm, DU, WHUO ond IWDUCw ere highly potent(2).

Thies method & based on the principle that of eguilibrium the schent molecules will be more probatly found near the S UR FAC ES
tydrophilic regions of thesolute, while they will be repelled by the more hydrophobic moieties (1 0],

This dllows the calculation of o global hydropathicity index (LA bt this propery con ako be projected onto a molecular
suface, giving rse to a very detailed local hydropathicity maopping color codified (Blue for hydrophilic zones ond red for
Hydrophobic regions). Becouse of the size of the molecularsystens comsidersd inthe presentwork, afurther step comprised
the corection of the LA values by exclusion of the conributions of the water molecules which, ofthe end of the simulafion,
: were found at more than 17 A from the solute atorms. This is allowed when one fokes into account the fact that ot such o
The pPUP OGS of this stu dV was to expl ore the role of the distonce thesum of the contributions of thesolventtends 1o average cutthe details inthe local hydropathicity profile.

lipophilicity of this compounds, which is unclear fill now.

In order 1o compare the hydropothicity profile of some of the bisaommonic dervotives with alcuroniumwe used
an criginally developed method to performsuperposition andsimilarity anabysis of the colculated surfaces (5.
one con apply this method using both dotted surfaces, using points coordinctes, and solid surfaces, using the
coordinotes of iangle centers.

This charthighlights the main steps of this new method:

Superposttion of the surfaces of all
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As explained in gpprooch deschigtion, dll hydropathicity sufoces (soid and dotted] are blue for bydrophilic arecs ond red for W03 1 2 WEDlIess 5 3
hydrophobicregions. WDUD3 1 3 WIDUOo4 3 4
The inferpyridinic spacer shows amore and more hydrophobic character, while the most hydrophilic potion is locoted in proimity of WD LICH 1 WSS )
the chorged moiefies. One cansees that in the folded dedvatives the extemal convex part of the mclecular surface is less hydrophilic WIS iF WIDUos 3006
thon the concove porfion. This B due to the U-shope of the surfoce, where the two symimetnic moisties tend fo frap some solvent
moleculss, INWDUOS thespacer chaink long enough to allow the hydrophobic collapse andthe expulsion of everysolvent molecule a A SIMILARITY SURFACE REFERRED TO ALCURONIUM TEMPLATE.
fromihespace betwesn the twosymmetric porfions. = . / = The color coding corssponds to the degres of similarity of the hydropathicity values (red for moximum, blus for

| T s s e | minirrumsimilanty), This representation allows to see that the highest overlap of the hydop athicty propery con

: | i e found in the regions near the charged moisties, whereds itdiverges for all externa molecular regions.
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v R, VRML LANGUAGE AND SOLID SURFACES
U Yk H‘)}j@ In order to overcome the difficulty in vsualizing propeny-colored solidsurfaces we hers propose o new method to

(CEE 0 clisploy and maonipulcte thesesufaces boased onVRENL languoge (8],
YRML longuoge B used o insert 30 scenes in Welb hyperext and so all internet browsers can visudlee oljects

0
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< I described using YENL. Though the languoge was designed for the construction of virtual reclity, it seemed to be
Wpuol 1 3 wseful for computctional chemistry applications. For these reasons you con display these solid sufaces without
Wpuoz 2 : ather graphic software, but using the normal Web browses (2.9, Nefscape, Internet Explorer, Webspace, efc.) both
ig 333 j s cnworkstotion and onPC,

YRMNL is o general graphics longuage which contains more possitiities than are usually desired in a chemical
ervironment, To view surfaces some elementary rendering fechnigues [for examiple the light sources definifion) are
includedwhich dllows o more redlistic appearance of the model,

This outline describes the neww oy to calculate and visualzescolid hydropathicity sufaces.

C ON F OR M A‘I‘I O N AL P RO P E RTI E S OF M U S C AR I N I C ® ;Z; ?J?ﬂ[ra;igg ; Té?;ﬂiiﬁﬁ,m d examined struciure with a modified version of GEPOLS3 (8] for olbtaining the

e o Calculation of local ILMvalues for each iangle centre,
Iwduod M O D U I_ATO RS ! e Editing of the VRENML code for the calculated fiangles, franslating the ILW indexes in REE femary values to descrbe
thetriongle color,

Iwiduas

Three mainfactors affect the conformcational properies of muscannic modulators:;

¢ [he mutudl electrostatic repulsion among the pyidinic rings [or ammonium grouss inWad) posifively charged. , ,
¢ [he 1—xinferact on blghmeen ﬂje er::rrl"r:ilﬁxlz Ten’ﬂilml moieties (phtclimido or diclorophenil), ﬂ E;%ig:ﬁ;ﬁﬁgﬂggp;gﬁw 2= ERNTERAO SRR Sl SR e el R Sl = B el S B O ORI S
sl R B e, once the VREMLASCH file has been crected and looded into the viewer thesolid suface con be rofoted, fronslofed
and zoomed inand out by means of simple mouse clicks,

one obvious shortcoming is the factthat for every new 30 image a new file has to be created: any modification
con not e done online,

This program conbe easily modified 1o build asolidsurface coloured with others properies (WMER Energy Interaction
with probes, Stenc Effect, Lipophilicity, efic.)

The possibility of franslcating the VREML code into a ray-fracing code, using for example wimdZoowv scffware, which
framslote VMWL into PovRoy laonguage, dllows to obtoin ako high-quality imoges.

In the future the comibination of YREMWL and JovadD (7)) longuages allows a visudlizotion and inferactive processing
toolin computotional chemistry costfreeond plofform independent,

N conclusion:
¢ [fThe intemyidinicbridge clows interactions among aromctic groups, the compound shows  FOLDED conformction
¢ [fthe poorflexibility of this chain inhibits p-pinteractions, the conformctionis EXTENDED type.,

In orderto evaluote the conformotional behavior, two geometical parameters were comsideraed: the distonce between the
micss centers of the femminal aromatic: rings (dd- 4 and the distonce between the two formclly chorged nitrogens (di-MN, see
Table belowy],
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Hydropathicity surfaces of WDUO and W3DUO series.

In the WADU O and the IWDUOseries, the conformctions are extended ond the phthalimmidic portions resulfs 1o be more hydropothic WD
dustothe simplefactthatthe solvent molecules are spatially less farfromthe outer boundories of thesclute.,
Bed conformations of WDUOT, WDUCE, WDUCE and WH4 derivatives.

CONFORMATIONAL ANALYSIS IN SOLUTION

The molecular dynamics simulctions perfomed inwaoter in order fo study the hydropathicity profile dlowed ako to establish
F I NAL TABLE OF ALL EXAM I N E D PR OPE RTI ES thatthers B nosignificant modification of the conformaticnal behaviourwith respect fothe resulis clbtoined invacuo,

Alsoin this cose, the distances between the maoss cenfres of the aromctic systems (de—3$) and the distonces between the

Tw o changed nitrogens [di-N)were meosured for eachsoaved fraomein the Tajectornies,

While the distance between the two formally charged nitrogens keeps ceciloting within ranges which are too narrow 1o allcw

Activi ] 3D Clobal substanticl conformctional modificotions, the v arictions of dd—3& present some inferesting fectures [9). Solid surfaces of W84 and WDUOI cnmpnunds
Compound ctivity cdd—D cM-N RMS - The results show that in water, the confomnational fendendies already shown in vacuo are stressed. An example is the
EC.; Cutoff Inde homiologows sefes WOUC, During the simulation of the solvated WDUDT, the aromictic systems of which lis ot approximotsly
WDLUO 1 LA 12,84 2,39 g 2553 5,36 right angles of the stan, the inframolecular distonce dé-% progressively decreases. On the confrary, in the cose of the
WDUCA denvative, the starting confommation of which is extended, the same distonce is characterzed by a progressive
WDUQO 2 M.A, 20.85 3.17 3.94 2ol /.85 increase during the simulcfion inwater,
Finclly. the WDUOE compoundshows a geometry sof dded that dd-3 does not change butwithin avery narmow rong e,
WDLIQ 3 0.5 2520 4.35 4.04 2,00 7.41
CONCLUSION
WDLIO 4 1.8 200,94 4,85 4,58 2.03 Gl R o
_ _ it : : The results obtained pointto a ronges of gualitclively differences os for as the  conformational behovdour, both in
WDUO & ML A, 16.14 6.37 4,76 1.91 2.00 i | S SRR ' | .............. ; vacuo and in solution, and the hydropathicity profile among the bsommonic compounds considered. This
e R - 2 St sugQests thot they moy bind in quite different ways 1o the biological torget, afthough sharing some comimon
WDUQO 6 1.3 6.43 .33 4.03 .73 3.0 :'::{;1 SEonilae e o ‘*|Iljllt'ill,r - substructures, o its highlighted from the anclysis of the similarity suface . However, no quantitative corelation
DU - ETA 1668 o o0 % 75 511 o A0 :;-';::...hb!- ) P :::::-:5:: e é'-1|:||| ."'I.l'!"r'“'l ; g |-|' with The allosternic activitywos possible. This is o hiﬂ’r’rx::ﬂﬁelfac’rﬂjr:ﬂﬂﬁe role x::f ﬂje Py dropothicity profileis impprraﬂt
o 'hlJ [ U s ot . fiegii? '1 P Ut complementary to that of cther molecular desciptors in the description of the complex mechanism of
WDUO 6 s 12,32 .09 3.99 2,38 7.08 e M AT = ! allostenc modulation,
e J'T,"1i|"[i|1ii'i"" W |”h1l,w| o L e S ' On the other hond the method here proposed for sdid sufoce visualEation con replace third party graphics
MDUO : 5.1 21.88 10.05 4.29 2.13 5.47 Sl J;. DL T T program and ensures platformindipenclence and portability of sufacevisualzation s awhole,
S T
YDLO . T 22 3 B ¥ PRl o] ' 5 ‘.;_.._'....l ........... st R e 3
A ) L Pﬁl:":: nol RLLI EEi Sl Pﬁ
W 84 2.8 16,22 8.83 4,55 G 4,39 #DLOL DO
W3Do 3 0.53 18.34 4,821 4.14 2.3 5,53
Analogously, the defvatives of the WADUO series show avery similar behaviour, For the WaDUO3 dervotives, which shows o
W3DUo 4 0.50 20.05 5171 4.43 193 4.44 folded, sigmoid conformation at the beginning of the simulation, dd—3is progressively reduced duing the simulction, while REF ERE NCES
Wa3anio 5 0. 50 e 7.310 494 ) & 7o the exendedWADUOEshows the opposite behoviour, 1.2, anincredse of dd—3.,
I I I I I I 1. ). Prska. 5 Tucek "Mechankms of stenic and codzarativ e adctions of glocurcniurm on cordiac mscannic acetyichdine recagst o™, W,
% * * Phamocd, 45.709-717 [1994),
W3DUQ 6 0.70 29.04 2714 N.A M.A, M.A. 2, U, Hebgrabe, K Mohr. “Allcst eic modulot os of ligand binding to mscoinic acaylchoinerecentos . Dug Dekcovery Todoy 3. 214 - 222
d fe— d fa—a [ 1993 and rsferences cited hersin,
The: EC-‘H volues ore: E}(DFESSEd inmicromolar concentrotion, O i | 2.4 Ledin & Harsch . RG Sammes and J B Taylor. Eds, . Comprehensive Medicinal Chemietrys: “Therational design . mechanieticstuchy &

: ; i o therapeutic applications of chemical compaounds™ Wad, 4. Pergamon Pres. Ceford Englond. 1990, Chopter 12,7, pp, 295-319
The cutoffforithl calculation s sefted to 17 angstrom forall compounds, - i K 5 R Fantucei. & M. Vile, L Vil G Vistoli, “A new dynarmic appreach ta the calculation ond representotion of the lacal hydrophiliciy-
The 015 ond 30 global index are colculated refered to alcuroniumtemiplore, e "| Bl bl i* """ : ; hydlrephchiciy ™. Trends in €EAR and Malsculor Modsling. F Sare ed. Prows Barcsiona [1998),
i . Gt A new thres-dimemsion ol porarmster of molsculor hydropathicity”. Ph, O Thesk [ 1992),
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. L Pescual-ahuir E Sille and |, Tunan, “SEPCL AR imnprey ed des cription of mascularsufoces, ™), Comput Shem, 15.1127-1128([1994),
In this toble one con observe thot in agresment with the expectations from the lipophilicity property of methwlens group, a .G Wistoli, A Pedistti AR Vil L Willl), Hebgrabe, A Combarsi Mdsculor Hydiopathicity Inde: opplicotion to o seiss of allosteric

* Thesize of W3DU06 compound (total extended in best conformotion] exceeds thew oter cluster dimension ond sow s neglectad. :
I l | 1 ' :
progressive increcse of the A with the increcse of the length of the intenoyidinic chainis obfdined. For the WDLUOS defvartive, ,,'F.'.,_____________________I_'_'_ll'_'__________'1!___'__{_ ,"'Jfr'[' CL .I" j ! rnodulotors of the M recept os. Analusys [1992]in press,
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which has aremarkably more folded conformation, the surface of the apolar moieties exposed to the solventis reduced and o lower o i elissts lilsies sl B bt i e b e sl SR B R s s s L S L
AT wdlueis calculoted, One can diso observe g comeldfion betwvesn the M-N distances andthe LA values and this & notfue : s :
for the dF-F distances of the phthalimidic stuctures, ForinstonceintheWDUO series, one can obsernve a progressiveincreaseintheM-M B g wnpe i e e whe an wie g
imterctomic distonce, while the distonce between the mass centers of the aromatic systems follows a parabolc trend, due o the P OO P DTS
progressive packing of the two aromcticsubsystens,

Az con ke nocticed here themest recent documentotion about YREMNL con befound ontheintsmns,
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